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ABSTRACT The increasing prevalence of co-occurring multiple chronic condi-
tions in an aging population has influenced the debate on complexity in chronic care
and nowadays provides an impetus to the reform of numerous health systems.This arti-
cle presents a theoretical lens for understanding the complexity of chronic care based
on research and debate conducted in the context of multiple quality improvement pro-
grams over the last five years in Belgium andThe Netherlands.We consider four major
components of complexity in chronic care against a background of complex adaptive
systems: (1) case (patient) complexity; (2) care complexity; (3) quality assessment com-
plexity; and (4) health systems complexity.Each of these components represents a range
of elements that contribute to the picture of complexity in chronic care.We empha-
size that planning for chronic care requires equal attention to the complexity of all four
components. It also requires multifaceted interventions and implementation strategies
that target improvements in multiple outcomes related to the structural, process, and
outcome components of care. Further empirical research is needed to assess the valid-
ity of our complexity framework in the health-care environment.
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THE STUDY OF COMPLEXITY in chronic care is an emergent discipline that hasnot yet developed a consistent theoretical framework.Thinking in the field
of complexity encompasses complexity science and complexity theories, which
represent a convergence of different types of ideas and theories that focus on the
interactions of individual parts that make up a complex system. In this context,
an important distinction is to be made between “complex” and “complicated.” If
a system—despite the fact that it may consist of a huge number of components—
can be given a complete description in terms of its individual constituents, such
a system is merely complicated. An example could be computers. In a complex
system, on the other hand, the interaction among constituents of the system and
the interaction between the system and its environment are of such a nature that
the system as a whole cannot be fully understood simply by analyzing its com-
ponents. Health-care systems fall into this category (Cilliers 2002).
The increasing incidence and prevalence of patients with multi-morbidity
(physical and mental), and the relatively disappointing results of quality improve-
ment programs targeting single chronic conditions and multi-morbidity have
provided an impetus to research and to the debate on complexity thinking in
chronic care (Drewes et al. 2012; Elissen et al. 2012; Lemmens et al. 2011;
O’Neill, Cherubini, and Michel 2012; Schouten et al. 2008; Smith et al. 2012).
Previous analysis of case and care complexity in chronic care have demonstrated
that the traditional, biomedical perspective alone is no longer adequate to deal
with the challenges related to chronic illness care (De Maeseneer et al. 2012;
Humphrey 2006; Starfield 2011). Chronic care requires an “ecosystemic ap-
proach” to illness, one that describes the collective and adaptive responses of the
patient, family, and health professionals to the changing biological and psy-
chosocial manifestations of the illness over a long period of time (Soubhi 2007).
But an ecosystemic approach cannot be understood and implemented without
an understanding of the framework of complex adaptive systems (Plsek and
Greenhalgh 2001).A complex adaptive system is a collection of interconnected
individual “agents,” as is seen in primary care, that are part of larger systems.The
framework provides a theoretical basis that incorporates a dynamic view of the
world and replaces the traditional “reduce and resolve” approaches to clinical
care and service organization (Cooper and Geyer 2009; Leykum et al. 2007).
In this article, we propose a theoretical lens for understanding and studying
complexity in chronic care. Knowledge of complexity of chronic care is central
to all quality improvement programs that target a more effective and efficient re-
sponse to the challenges posed by chronic conditions at the structure, process,
and outcome level of care.We consider four interrelated components: (1) case
(patient) complexity; (2) care complexity; (3) quality assessment complexity; and
(4) health systems complexity. Each component is considered against a back-
ground of complex adaptive systems.The theoretical lens is the result of research
and debate conducted in the context of numerous quality improvement pro-
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grams for patients with chronic diseases over the last five years in Belgium and
The Netherlands.1
Case Complexity
The first component of complexity in chronic care is case or patient complex-
ity. Case complexity cannot be understood without taking into account the
basic principles of complex adaptive systems, especially the co-evolvement and
the inherent unpredictability of the systems in which the patient operates, as well
as the presence of internalized rules in patients that strongly influence the
choices patients make.
The conceptualization of the complexity of cases or patients in clinical med-
icine is in the earliest stages, and it has only recently been raised as an important
issue in terms of quality assessment (Haggerty 2012; Kernick 2012). Case com-
plexity has been described in terms of the “case mix” and was previously used
in the area of methodologies for grouping patients, statistical case-finding instru-
ments, and theory-driven case complexity assessments (Fetter et al. 1980; Melfi
et al. 1995;Winograd et al. 1991).These approaches have not provided clinically
meaningful information (de Jonge, Huyse, and Stiefel 2006).The vector model
of complexity (VMC), as described by Safford, Allison, and Kiefe (2007), has
been developed in response to reductionist approaches of case complexity and is
in line with the basic principles of complex adaptive systems.The vector model
proposes that the complexity of an individual patient arises out of interactions
between seven domains: biology, genetics, socioeconomics, culture, environ-
ment/ecology, behavior and the health system.These “forces” are not easily dis-
cerned but exert profound influences on the processes and outcomes of care for
chronic medical conditions. Comorbidities in patients with chronic conditions
potentially contribute to the overall complexity along the biological vector of
the VMC. Complexity is also introduced along the behavioral axis, as most
chronic conditions impose considerable demands on self-care (Russell, Suh, and
Safford 2005).These specific demands can be especially difficult for patients who
lack social support or the ability to access care due to financial limitations,which
contributes to the complexity of their situation on the socioeconomic vector
(van Dam et al. 2005).
The concept of case complexity becomes clearer when the unique journey
of each individual patient with a chronic condition is considered. Each journey
takes the individual through various pathways of health care across a wide range
1In these programs, we studied case and care complexity (Borgermans et al. 2008; De Maeseneer
et al. 2012; Elissen et al. 2012; Goderis et al. 2009a, 2010; van Dijk-deVries, Duimel-Peeters, and
Vrijhoef 2011), quality assessment (Arts et al. 2012;Borgermans et al. 2009, 2011;Boyne et al. 2012;
Dierick-van Daele et al. 2011; Goderis et al. 2009b;Voogdt-Pruis,Vrijhoef, and Beusmans 2011,
Voogdt-Pruis et al. 2012), and health systems complexity (Erler et al. 2011).
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of primary, secondary, and tertiary care levels and palliative and social services.
Case complexity is also reflected in the preferences of patients for their care and
the relative importance that patients place on different health outcomes (Bor-
germans et al. 2011). Some patients will prioritize the maintenance of functional
independence over intense medical management, while others would be willing
to tolerate the inconvenience and risk of adverse effects associated with complex
multiple medication regimens if this is linked to longer survival, even if this has
a negative impact on their quality of life (Tinetti, Bogardus, and Agostini 2004).
All of the sources of case complexity alone or in combination require clinical
tradeoffs, in the framework of “ideal care” (Safford et al. 2009).The Institute of
Medicine (2001) has defined ideal care as being “driven by shared decision-mak-
ing and based on continuous, healing relationships.” However, the IOM recog-
nizes that “good care” for complex patients will not necessarily lead to ideal (for
example, biomedical) performance measures.
Complexity of Care Processes
The second component of complexity in chronic care is care complexity. As
with case complexity, care complexity cannot be understood without taking into
account the basic principles of complex adaptive systems, especially as it con-
cerns the interdependence of actions of different caregivers and patients, the co-
evolvement of systems in which caregivers and their patients operate, as well as
the presence of internalized rules in both caregivers and patients that influence
outcomes of care.
While case complexity has been operationalized in several ways, the opera-
tionalization of care complexity has drawn much less attention (Mercer et al.
2012; Plochg, Keijsers, and Levi 2012).The complexity of clinical care is based
on the number of the types of interventions and the number of disciplines that
are required to make major interventions. Several other studies have opera-
tionalized the complexity of care as the subjectively and objectively perceived
difficulty of managing patients through the process of health-care delivery
(Kelleher 1993). Predictor variables of care complexity have been developed in
the context of large multicenter studies that were carried out in both primary
care and hospital settings. In this context, repeated hospital admissions have been
found to be a risk factor for care complexity and an indicator for the chronicity
of disease (Von Korff,Wagner, and Saunders 1992). Other indicators that predict
complexity include observations and clinical judgments made within the first 24
hours of admission by a medical doctor; the number of medications; the degree
of functioning of individuals as assessed by their capacity to perform activities of
daily living; the patients’ emotional state, health perception, and level of pain; the
attitude of patients toward their doctors; and the number of multidisciplinary in-
terventions (Aarts et al. 2012; Clark et al. 1995; Schuling et al. 2012).
While care complexity can be challenging when addressing treatment goals
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for one condition, it becomes even more complex when attempting to priori-
tize treatment targets for patients with multiple conditions (Plochg, Keijsers, and
Levi 2012; vanWeel and Schellevis 2006).Chronic illness with complexity (CIC)
recognizes that the treatment of a single condition such as diabetes influences the
care and outcomes associated with other conditions, such as cardiovascular dis-
ease or depression (Fortin et al. 2005). Clinical practice guidelines rarely address
the treatment of patients with three or more chronic diseases, although such pa-
tients make up half of the population more than 65 years of age (Guthrie et al.
2012). Previous studies have tested the hypothesis that the complexity of ambu-
latory care of patients with chronic conditions has increased in the previous
decades (Grant et al. 2004). Findings from these studies have shown that the man-
agement of patients with chronic conditions has changed significantly over the
last decade, with a marked increase in the complexity of medication regimens,
an increased provision of screening and counseling services, and a modest
increase in the length of visits to health-care providers (Kerr et al. 2003).
The complexity of routine clinical care, as measured by the number of com-
ponents of care that are being addressed and the number of medications and tests
undertaken, has important implications for the safety and quality of life of
patients, as well as the quality of chronic care delivery (Hawkes 2012; Huang
et al. 2007). If diabetes is used as an example, documentation of the average
number of medications attributable to diabetes is important for providing evi-
dence to support public health concerns regarding polypharmacy. Predictors for
polypharmacy include multiple prescribers, complex drug therapies, patient age,
psychosocial contributions, and adverse drug reactions that may be interpreted
as new medical conditions. As this number rises, we may be adversely affecting
the quality of life of patients, and their perceptions may be important determi-
nants of treatment adherence (Vijan et al. 2005).
Higher levels of care complexity often lead to more intensive modes of coop-
eration.The relationship between care complexity and cooperation is important,
since a fit between the complexity of the demand for health care and the inten-
sity of cooperation would indicate a positive reciprocity between the quality of
health care and efficiency (Molleman et al. 2008).
Quality Assessment Complexity
The third component of complexity in chronic care is quality assessment com-
plexity. Basic principles of complex adaptive systems that we consider of partic-
ular importance to quality assessment are interconnectivity of actions of the
caregivers involved, the internalized rules these caregivers apply, and the unpre-
dictability of events.
Quality outcomes are inherently unpredictable, as in many circumstances
quality is determined by a large amount of (unknown) factors following a non-
linear pattern. Previous reviews of quality improvement programs for patients
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with chronic care conditions have demonstrated the complexity and multi-
dimensionality of the concept of quality (Ouwens et al. 2005).There is no uni-
versally accepted definition of high-quality chronic care, either in general or for
particular chronic diseases. As a consequence, policymakers, researchers, health-
care providers, and change agents are confronted with defining what “high qual-
ity” means for a given population in a particular setting and time. Systematic
reviews and meta-analysis on the effectiveness of quality improvement interven-
tions for patients with chronic conditions have raised the issue of the plethora
of terminology involved in order to describe the different quality improvement
interventions (Borgermans et al. 2008). Despite the valuable efforts to develop
classification schemes for quality improvement interventions and indicators, it
often remains difficult to understand the exact nature of these items (Grimshaw
et al. 2001, Shojania et al. 2006).
Quality indicators that have previously been used to assess complex cases in-
clude the number of medical complications and admission to a nursing home
after discharge (Hickam, Hedrick, and Gorton 1991; Iezzoni et al. 1994).These
parameters demonstrate a reductionist approach to case complexity. Overall,
there is a lack of tools to assess the quality of primary care delivered to those
who have multiple and compounding conditions (Heath et al. 2009).Most exist-
ing quality measures exclude people with comorbidities and are not designed to
assess their overall health care explicitly (Fortin et al. 2006).
Health System Complexity
The fourth component of complexity in chronic care is health system com-
plexity. Basic principles of complex adaptive systems with relevance to health
system complexity are interconnectivity of actions of the caregivers involved, the
internalized rules these caregivers apply, the co-evolvement of systems, and the
unpredictability of events.
Many policymakers think of improving chronic care by decomposing the
overall system performance and management into component elements, includ-
ing financing, health workforce, medical products and technologies, service
delivery, and health information systems (Rouse 2008).This approach of hierar-
chical decomposition generally does not work for chronic care, as it is inherently
complex (Wagner 1998). Decomposition may result in the loss of important
information about interactions among phenomena of interest.As a consequence,
policies to improve the quality of care for patients with (multiple) chronic con-
ditions cannot be developed within separate “disease silos” (Lipsitz 2012). To
help guide future policies on chronic care and avoid unanticipated consequences
of regulation, we need to understand health care as a complex system and apply
the principles of complexity science. The latter is even more important, since
evidence shows that the effectiveness of quality improvement interventions and
implementation strategies strongly depends on the context in which they are
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delivered (Bailie et al. 2006; FitzGerald 2002; Schmittdiel et al. 2006).This phe-
nomenon of context-dependence has led to calls for tailoring interventions to
the cultural background of patients or for the adaptation of practice guidelines
for health-care professionals among other suggestions (Bosch et al. 2007; Grav-
elle et al. 2007; Jansen et al. 2007).
Conclusion
We have presented a theoretical lens for the analysis of complexity in chronic
care that includes four essential components: case, care, quality assessment, and
health system complexity. Each of these components represents a range of ele-
ments that contribute to the picture of complexity in chronic care. Despite a
growing number of valid insights on what determines complexity in chronic
care, current Western and developing countries continue to fund models and
programs of health care that are intrinsically fragmented and often focused on a
limited number of aspects related to complexity (De Maeseneer and Boeckx-
staens 2012).We emphasize that the planning for chronic care requires equal at-
tention to all four components, which should be considered jointly against a
background of complex adaptive systems. Effective health-care reforms must
involve adaptive change not only to the structure and process of the delivery of
care of chronic disease, but also to the human experience and interfaces in care.
This requires multifaceted interventions and implementation strategies that tar-
get improvements in multiple outcomes of care at the structural, process, and
outcome levels.The so-called “vertical outcomes” of care in this context should
be at least partially assessed at the level of the care of individual diseases. Hori-
zontal functions of care—integrating, prioritizing, and personalizing care—are
more difficult to assess but are equally important (Heath et al. 2009).
By better understanding the concept of complexity in chronic care and the
relationships between its individual components, we will be better positioned to
seek alternative ways of thinking about chronic care and related system reform,
its determinants, and effective ways in dealing with this complexity. For this rea-
son, further empirical research is needed to test the value of complexity science
and its role in developing the components of our complexity framework in the
health-care environment.
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